Magnetoencephalography (MEG) Synthetic aperture magnetometry (SAM) Virtual channels Event-related desynchronization/ synchronization (ERD/ERS) Brain-computer interface (BCI) Movement intention Motor control a b s t r a c t Objective: To test whether human intentions to sustain or cease movements in right and left hands can be decoded reliably from spatially filtered single-trial magnetoencephalographic (MEG) signals for motor execution and motor imagery. Methods: Seven healthy volunteers, naïve to BCI technology, participated in this study. Signals were recorded from 275-channel MEG, and synthetic aperture magnetometry (SAM) was employed as the spatial filter. The four-class classification was performed offline. Genetic algorithm based Mahalanobis linear distance (GA-MLD) and direct-decision tree classifier (DTC) techniques were adopted for the classification through 10-fold cross-validation. Results: Through SAM imaging, strong and distinct event-related desynchronization (ERD) associated with sustaining, and event-related synchronization (ERS) patterns associated with ceasing of right and left hand movements were observed in the beta band (15-30 Hz) on the contralateral hemispheres for motor execution and motor imagery sessions. Virtual channels were selected from these areas of high activity for the corresponding events as per the paradigm of the study. Through a statistical comparison between SAM-filtered virtual channels from single-trial MEG signals and basic MEG sensors, it was found that SAM-filtered virtual channels significantly increased the classification accuracy for motor execution (GA-MLD: 96.51 ± 2.43%) as well as motor imagery sessions (GA-MLD: 89.69 ± 3.34%). Conclusion: Multiple movement intentions can be reliably detected from SAM-based spatially filtered single-trial MEG signals. Significance: MEG signals associated with natural motor behavior may be utilized for a reliable high-performance brain-computer interface (BCI) and may reduce long-term training compared with conventional BCI methods using rhythm control.
Methods: Seven healthy volunteers, naïve to BCI technology, participated in this study. Signals were recorded from 275-channel MEG, and synthetic aperture magnetometry (SAM) was employed as the spatial filter. The four-class classification was performed offline. Genetic algorithm based Mahalanobis linear distance (GA-MLD) and direct-decision tree classifier (DTC) techniques were adopted for the classification through 10-fold cross-validation. Results: Through SAM imaging, strong and distinct event-related desynchronization (ERD) associated with sustaining, and event-related synchronization (ERS) patterns associated with ceasing of right and left hand movements were observed in the beta band (15-30 Hz) on the contralateral hemispheres for motor execution and motor imagery sessions. Virtual channels were selected from these areas of high activity for the corresponding events as per the paradigm of the study. Through a statistical comparison between SAM-filtered virtual channels from single-trial MEG signals and basic MEG sensors, it was found that SAM-filtered virtual channels significantly increased the classification accuracy for motor execution (GA-MLD: 96.51 ± 2.43%) as well as motor imagery sessions (GA-MLD: 89.69 ± 3.34%). Conclusion: Multiple movement intentions can be reliably detected from SAM-based spatially filtered single-trial MEG signals.
Significance: MEG signals associated with natural motor behavior may be utilized for a reliable high-performance brain-computer interface (BCI) and may reduce long-term training compared with conventional BCI methods using rhythm control. Ó 2009 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Patients with degenerative diseases such as amyotrophic lateral sclerosis (ALS) may progress to the locked-in syndrome. In the later stages of this disease, the patients are awake and conscious but have no ability to produce speech, limb or facial movements. Other patients with severe conditions of muscular dystrophy, traumatic brain or spinal cord injury also suffer from minimal or no useful motor functions (Dobkin, 2007) . Without voluntary muscle control, these patients are unable to effectively communicate their needs to the environment. Brain-computer interfaces (BCIs) are devices that allow for communicating intentions by analyzing brain activity (Wolpaw et al., 2002) . The patients who can formulate and command movements, but not physically enact their intentions, could benefit from a BCI (Dobkin, 2007) . BCIs may provide an effective solution for patients with such diseases to improve their quality of life. The development of BCI technology can thus prove to be advantageous to patients in the 'locked-in' or semi-'locked-in' stage, where it can be used as a communication and rehabilitation tool.
BCIs can be used for decoding brain signals and controlling applications based on brain signals, invasively or non-invasively. A highly reliable and fast BCI for multi-dimensional control can be achieved using invasive methods, but they have inherent technical difficulties such as the need for chronic implantable recording and risks due to surgical implantation of electrodes. Due to such
